Abstract
Introduction

55
Nervous system sensitization, as determined by quantitative sensory testing, is associated 56 with osteoarthritis (OA) and has been shown to correlate with symptom severity (1, 2). In knee 57 OA, sensitization is associated with the presence of inflammation (3). A number of studies in 58 small cohorts have suggested that following hip or knee joint replacement, sensitization is often 59 reversed and this is associated with symptom relief (4-6).
60
Sensitization is also a feature of experimental OA, and can be detected by evaluating locomotive deficits (8-11). In order to develop targeted analgesic strategies, the neuronal 67 mechanisms that mediate this sensitization to mechanical stimuli need to be defined. Therefore, 68 we sought to develop a method for analyzing peripheral sensory neuron activity in response to 69 mechanical stimuli in real-time in vivo.
70
In vivo electrophysiology enables monitoring responses in knee-innervating afferent 71 nerve fibers while physical stimuli are applied to the knee, but only one fiber may be measured at 72 a time (12). In contrast, recently developed in vivo calcium imaging methods allow the 73 weeks after surgery, mice were deeply anesthetized using sodium pentobarbital (40-50 mg/kg), 114 and the back and operated knee were shaved. A laminectomy from vertebrae L2-L6 was 115 performed, and the L4 DRG was exposed, as previously described (13). The L4 DRG was 116 chosen since it contains the cell bodies of the majority of sensory neurons that innervate the knee 117 of the mouse (21, 22). The mouse was positioned under a laser scanning confocal microscope 118 (Leica LSI) by clamping the spinal column at L2 and L6 using forceps attached to 119 micromanipulators. Anesthesia was maintained using isofluorane during imaging and 120 temperature was maintained using a homeothermic blanket system. Images were acquired using 121 a 0.5 N.A. macro dry objective and an EM-CCD camera (488 nm excitation, 500-550 nm 122 emission). In order to capture the entire visible area of the DRG, z-stacks were taken at 600 Hz 123 in 10 steps over a distance of 200-300 µm at 512x512 pixel resolution in the x-y plane. A time
124
series was performed such that in total, approximately 15 z-stacks were taken for each stimulus.
125
Each z-stack took approximately 7-8 seconds to achieve. For each mouse (n=12 sham, n=14 126 DMM), physical stimuli were applied to the ipsilateral limb in the following order: 1. A 100g 127 force was applied to the hindpaw using a calibrated forceps system (IITC Rodent Pincher); 2. A 128 30g force was applied to the knee using the same calibrated forceps system; 3. A noxious 129 outward rotation (~60°, approximately 40-60 mNm torque (12), which is beyond the normal 130 physiological range but does not cause joint injury (23, 24)) was applied to the knee by holding 131 the femur in place with a forceps while the hind paw is used to rotate the lower leg ('knee twist').
132
One sham mouse was excluded from the knee twist analysis due to excessive movement during 133 imaging. For each stimulus, baseline images were captured for 5-6 z-stacks (approximately 45 134 seconds) prior to the application of the stimulus, the stimulus was applied for 5 z-stacks, and an 135 additional 4-5 z-stacks were captured after the stimulus was discontinued. Between each 136 stimulus, the mouse was allowed to recover for at least 3 minutes in order to ensure that all 137 previous neuron responses had ceased and the fluorescence levels had returned to baseline. Pilot 138 experiments demonstrated that the order of the applied stimuli did not change the number of 139 responses, indicating that these acute stimuli were not sufficient to induce sensitization and thus 140 did not seem to affect the following stimulus applied. At the end of each experiment, a high-141 resolution z-stack was taken at 1024x1024 pixel resolution with 4-8 frame averaging to use for 142 counting the total number of neurons. isoflurane and intra-articularly injected in the ipsilateral right knee with 5 µL DiI (2.5 mg/mL in 178 methanol; ThermoFisher, D3911). One week post-injection, mice were anesthetized by ketamine 179 and xylazine and perfused transcardially with PBS followed by 4% paraformaldehyde in PBS.
Analysis of in vivo
180
The spinal column was dissected and postfixed in 4% paraformaldehyde overnight followed by majority of responses to all stimuli were in small-to-medium sized neurons (area < 600 µm 2 ),
229
consistent with the size of C and Aδ fiber neurons, the majority of which are nociceptors (27, 28)
230
(relative frequencies shown in Fig 3A-C) . However, there was no difference in the size 231 distribution (Fig 3A-C Fig 1) . This result suggests that the number of sensory neurons 242 innervating the knee remained the same over the course of the experiment. that we were unable to directly compare to a non-surgical naïve group in the current study. Table 1 : Percentage of L4 DRG neurons retrogradely-labeled after intra-articular injection of DiI sham, and (C) DMM mice 7 days after retrograde label with DiI, which was injected into the 461 ipsilateral knee joint intra-articularly. Neurons were counter-stained with PGP9.5, a pan-462 neuronal marker, for normalization purposes. Scale bar = 100 µm.
463
Supplemental Video 1: Representative video of a DMM DRG responding to paw pinch (2 fps).
464
Supplemental Video 2: Representative video of a sham DRG responding to paw pinch (2 fps).
465
Supplemental Video 3: Representative video of a DMM DRG responding to knee pinch (2 fps).
466
Supplemental Video 4: Representative video of a sham DRG responding to knee pinch (2 fps).
467
Supplemental Video 5: Representative video of a DMM DRG responding to knee twist (2 fps).
468
Supplemental Video 6: Representative video of a sham DRG responding to knee twist (2 fps). 
